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FINAL TECHNICAL REPORT ON DEVELOPME3T OF A 
LUMINESCENT CHAMBER FOR SPACE RESEARCH 

NASA CONTRACT NASw 285 

INTRODUCTION 

A preliminary flight prototype of a luminescent chamber has been constructed 

and tes ted  i n  our laboratory by usingjminimum ionizing cosmic ray mu-mesons. 

As described i n  our proposal No. 0664.00, the luminescent chamber affords a means 

of obtaining a visual record of the t rack produced by a charged pa r t i c l e  traversing 

a sc in t i l l a t i on  c rys ta l .  Unlike s c i n t i l l a t i o n  counting, a f rac t ion  of the  fluores- 

cent light produced along the  path of a charged pa r t i c l e  as it loses  energy i n  a 

sc in t i l l a to r  is  opt ical ly  coupled and focused onto the photocathode of an image 
\ 

in tens i f ie r  tube. The photoelectrons thus l iberated a r e  accelerated within the 

tube through a potent ia l  difference of t he  order of 10 ki lovol ts  before impinging 

upon a fluorescent phosphor screen. A one t o  one spacial correspondence i s  main- 

tained between the  e lec t ron ' s  point of departure at the cathode and i ts  a r r i v a l  

a t  the phosphor. This i s  accamplished by appropriate electron-optical focusing 

which i n  o w  case i s  provided by an external axial magnetic f ie ld .  

several such "stages" are  buil t  i n to  a single envelope with a corresponding increase 

i n  the overal l  qyantun gain. However, an ent i re ly  sat isfactory tube of this type 

w i t h  more than three stages has not, as far as w e  know, been b u i l t  successfully, 

Unfortunately, three stages of light gain coupled with the kinds of resolution 

currently available are not quite suff ic ient  t o  enable one t o  record, on photo- 

graphic f i l m ,  the image of a single photoelectron released from the  first photo- 

cathode. This, of course, is  the ultimate c r i te r ion  which must be real ized i n  

order t o  have the  most sensit ive type of instrument. 

I n  pract ice  
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Another property required of the image in t ens i f i e r  tubes, i n  order t h a t  they 

be useful  i n  luminescent chamber physics experiments, i s  t h e i r  a b i l i t y  t o  be 

electronical ly  switched on and o f f ,  

tube off,  f o r  instance, and then gating t h i s  stage on, as determined by external 

electronic logic, and f o r  a time comparable t o  the  decay time of the  first stage 

phosphor, only those classes  of events of i n t e re s t  t o  a part icular  experiment are 

recorded. I n  addition, a large gain i n  the signal-to-noise r a t i o  i s  achieved. It 

is  evident t ha t  by select ing a fast decay phosphor fo r  the first stage, t h a t  fast 

time resolution may be accomplished and tha t  i n  a f i e l d  of high pa r t i c l e  flux it is 

possible t o  separate out and record only those events or  par t ic les  of i n t e r e s t ,  It 

i s  t h i s  feature  plus t h e  high spacial resolution and post event tr iggering capabi l i ty  

t h a t  maks the luminescent chamber an appealing instrument at high energy pa r t i c l e  

accelerators.  For space physics research where, i n  general, t he  pa r t i c l e  fluxes 

are re la t ive ly  small, one can u t i l i z e  a slower decay phosphor with i t s  i n t r i n s i c  

By keeping the second stage of a three stage 

I /. 
increase i n  efficiency. 

THE STL LUMINESCENT CHAMBER FLIGHT INSTRUMENT 

I n  designing and building the  f l i g h t  prototype instrument, the folllowing main 

categories were considered: 1) image in tens i f ie r  tube selection; 2)  image in t ens i f i e r  

tube power supply design; 3) choice of i n i t i a l  space physics experiment; 4) t he  de- 

sign of an appropriate t rack forming sc in t i l l a to r ;  5) the  design and fabricat ion of 

a film camera sui table  f o r  balloon experiments; 6) electronics design and fabricat ion 

f o r  ( a )  image in t ens i f i e r  tube gating and camera control and (b) that associated with 

the  f irst  experiment t o  be performed; 7) overal l  mechanical design and assembly; and 

8) f i n a l  t e s t ing  of t he  completed instrument. These categories w i l l  be discussed 

i n  order. 
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1. Image In tens i f ie r  Tube Selection 

As mentioned i n  the introduction a single three-stage tube of the ty-pe 
a 

described does not, at l e a s t  of those presently available, p r o ~ d e  sutTicient 

photon gain f o r  recording on f i l m  the resu l t  of a single photoelectron emitted 

fram the first cathode. 

i n t ens i f i e r  tubes a re  being built on a developmental basis by vtul.ims companies, 

that i n  principle would have sufficient gain. However, t h i s  type of tube has only 

one final output phosphor, asd h e x e  no "memory':, which makes it unsuitable f o r  post 

event t r iggering.  

It should be pointed out tha t  other types of image 

The requirements of high gain and resolution, l o w  mPtage gating grids, inter-  

mediate phosphor memory, small size,  and light weight, l ed  us t o  select  two three- 

stage magnetically focused tubes developed by RCA. 

with f i b e r  opt ic  faceplates at ei ther  the input or output end or  both. Thfs feature  

eliminates the  need f o r  exkernal refracting optics f o r  intertube coupling and f o r  

coupling fram the  output phosphor of the  second tube t o  the f i l m  camera. 

a greater light collection efficiency i s  realized. 

supply two such tubes including the appropriate cyl indrical  magnet r e w r e d  f o r  

focusing. The first tube was t o  have a glass input window and f ibe r  optic output. 

It was  t o  be supplied with low voltage shutter @;rids on both the firs% and second 

stages, an output resolution of 18 line pai rs  per millimeter, and P-11 type phosphors 

throughout 

These tubes could be provided 
I 

0 
I n  addition, 

RCA or iginal ly  contracted t o  

Its qyan.Lrm gain when coupled with the  second tube was t o  be 6.25 x 10 8 e 

The purpose of the first stage shutter grid was t o  increase the  versat i l i%y by enabling. 

one t o  use the instrument i n  high par t ic le  fluxes and relying on the l / 4  microsecond 

decay time of the  N a I  t rack forming chamber itself as the  storage mechanism. The 

second tbee - s t age  tube was ordered wfth specifications the  same as the  first except 

tha t  both input and output were t o  have f i b e r  optic faceplates and only the  second 0 
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stage was t o  have a gating gr id .  

t o  be operated e lec t r ica l ly  i n  parallel. 

It w a s  alsc specified tha t  the two tubes were 0 
In the course of t h e i r  development RCA encountered a series of technical 

obstacles which they had not anticipated i n  attempting t o  meet these specifications 

although we had been assured i n i t i a l l y  that the developent would be straightforward, 

These problems were concerned primarily with the  fiber optics, t he  gating grids,  and 

t h e  permanent magnet, and their final solution resulted i n  a delivery date 16 months 

l a t e r  than or iginal ly  promised. 

The f i b e r  optic problem had t o  do with obtaining faceplates that would not 

leak when the  tubes were evacuated, that would have suff ic ient  d i e l ec t r i c  strength 

t o  withstand the 21-24 ki lovol ts  appearing between the first tube output fiber and 

second tube input fiber, and t h a t  had a minimum of opt ica l  "cross-talk" between 

indivi6ual fiber elements. The f i n a l  so?lertion t o  this  problem was real ized by 

RCA's eventually obtaining some vacuum tight f iber  bundles but a l so  necessitated 0 
e l e c t r i c a l  operation of t he  tubes i n  ser ies  t o  avoid high voltage breakdown across 

the f ibe r s .  

disadvantages. 

Various types of gating gr ids  were tes ted  by RCA but each had i t s  

A campramise was eventually reached which appears t o  be @-be satis- 

factory Although permanent cylindrical  magnets had been supplied f o r  these types 

of tubes f o r  single tube systems, the fabricat ion of' 8 magnet long enough t o  in- 

corporate two tubes led  t o  d i f f i cu l t i e s  i n  maintaining a miform ax ia l  magnetic f ie ld  

over t h i s  distance. This non-uniformity r e su l t s  in a loss of resohxtfon, O u r  

calculatfons showed that an overall system resolution of abmt 8 l i n e  F i r s  per 

millimeter would s t i l l  be satisfactory and our purchase order was modified accordingly. 

A fur ther  delay was encountered after receir ing the tubes. 

t ha t  sane of the ce l a s t i c  pott ing compound, that had been used by RCA t o  mount and 

hold the tubes within the magnet, had flowed between the f ibe r  optic interface 

It was ascertained 

0 
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coupling between the  two tubes,  This, of course, resul ted i n  a serious loss  of 

resolution and gain and necessitated a complete disassembly of the tubes from the 

magnet by us at  STL. 

order t o  properly reassemble the tubes and assure good opt ica l  coupling between 

them, 

pictures  of cosmic ray mu-mesons have been obtained (see Fig 17) 

a 
A special  mechanical device was designed and fabricated i n  

The image tube and magnet assembly i s  now operat iota1 and very good t rack 

A schematic representation of the image tube and magnet assembly is  sham 

i n  Fig. 1 and an actual  photograph i n  Fig. 2. 

2. linage In tens i f ie r  Tube Parer Supply 

High voltage, low current, power supplies a re  necessary t o  provide the  

accelerating potent ia ls  and the proper e lec t ros ta t ic  f i e l d  fo r  the  image in- 

t e n s i f i e r  tubes.  

f o r  t h e  first and second tdbes respectively. 

obtained from a re s i s to r  divider (see Fig. 9).  

divider i s  - amperes. An analysis was made of the maximum amount of charge 

transferred i n  the  tubes during the time an event i s  being recorded, and capacitors 

were selected tha t  woklld i n s w e  a maximum voltage drop dwing t h i s  time of l e s s  

than 0.1%. The duty cycle i s  such that  the charge w i l l  be replaced t o  a t  least 

9946 of i t s  i n i t i a l  valve before the next event. 

f o r  the  parer supply were determined and an order f o r  i t s  fabrication was awarded 

t o  G r a f i x ,  Inc., Albuquerque, New Mexico. 

state components, w i l l  operate from a 28 vol t  battery, and measures 3" x 4" x 5". 

3.  

The voltages required t o  operate each tube are -21 kv axil +24 kv 

All intermediate tube voltages are 

0 The p ie scen t  D.C current i n  the  

The operation design parmeters  

The uni t  i s  bui l t  en t i re ly  of so l id  

Choice of I n i t i a l  Space Physics Experiment 

The luminescent chamber system, may be broken down Pato three main subsystems. 

F i r s t ,  the  image in t ens i f i e r  tube assembly along with i t s  power supply and a l l  of 

t he  associated electronics required f o r  generating and applying the  appropriate 0 
-5- 
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gating pulses t o  the  tubes; second, the  device used t o  record the  t rack  informaticn 

appearing at  the output phosphor of the image tube assembly which i n  general would 

be e i ther  a film camera or a television camera; and third,  the t rack forming chamber 

itself, including appropriate triggering counters and electronics,  

a 

The first subsystem (image tube assembly) and t o  a cer ta in  extent the method 

of recording, i s  independent of t he  particular choice of experiment. However, the 

track forming chamber and triggering mode w i l l ,  i n  general, change from experiment 

to experiment. 

it was necessary t o  select  a particular i n i t i a l  experiment. 

experiment was based on t h e  following considerations: 

re la t ive ly  simple and straightforward, b) that it provide a good test  of the 

luminescent chamber as an important instrument f o r  space physics investigations, 

c)  that the  fundamental results of the experiment be eas i ly  ver i f ied by comparison 

with data obtained frm previous s i m i l a r  measurements, d) tha t  the use of the 

luminescent chamber i n  the par t iculm experiment be unique and e )  t ha t  the r e su l t s  

obtained contribute t o  a be t t e r  understanding of the phenomena involved. 

Therefore, as part of o w  development of a flight prototype instrument 

The choice of an i n i t i a l  

a )  that the experiment be 

0 

As a result of these considerations t h e  decision was made t o  investigate i n  

de ta i l  t he  charge and energy spectra of primary cosmic rays frm charge 2 = 2 through 

2 = 8, i .e., from helium nuclei through oxygen nuclei. The experiment i s  t o  be 

performed i n  a pressurized gondola carr ied by a balloon t o  heights greater than 

100,000 f e e t  above sea leve l .  The t rack  picture  of each event w i l l  be supplemented 

For each primary 

nucleus traversing the t rack  forming and counter assembly, the pulse height frm an 

energy loss  (dE /dx)  counter and from a Cerenkov counter i s  t o  be recorded along with 

the t rack  picture.  

the charge of t he  incident pa;rticle. 

by pulse height information from counters surrounding t h e  chamber. 

This ttsimultaneous" pulse height analysis will suff ice  t o  resolve 

(See Fig. 3 . )  Since the  charged primary 
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Eo 
I1 
N I 

N 

d 
II 
N 

-9- 



high energy cosmic rays consist of bare  nuclei, a measure of t he  net charge serves 

t o  ident i fy  the  mass as w e l l .  

experiment. 

simple matter t o  calculate t h e  energy. 

and t rack forming assembly i s  described i n  more d e t a i l  i n  the following section. 

4. 

Isotopic e f fec ts  a re  t o  be ignored i n  the present 

From a knowledge of the charge, mass, and energy loss it i s  then a 

The geometrical arrangement of the  counter 

The Track Forming Sc in t i l l a tor  and Counter Assemblx 

It was decided t o  design the  track forming s c i n t i l l a t o r  and associated counters 

as an integral ,  hermetically sealed, unit. 

t he  end of t h i s  section. 

uni t  i s  divided in to  5 opt ical ly  insulated slabs with a sealed glass  faceplate on 

the front  surface. 

s c in t i l l a t i on  material .  

It i s  packaged i n  dry contact with Al 0 

Cerenkov r ad ia to r ,  

NaI(T1) but with a graded ref lector  t o  maximize uniformity of response. 

The reasons f o r  t h i s  a r e  described at  

The configuration of the  assembly i s  shown i n  Fig a 4 - The 

Crystals A, C, and E a re  t rack forming sections of N a I ( T 1 )  

Crystal B i s  made of u l t rav io le t  transmitting grade l u c i t e ,  

spray on 5 m i l  f o i l  and serves as the 2 3  
Crystal D serves as the  energy loss detector a d  i s  made of 

a 

The walls of the t rack forming sections with the  exception of those coupled 

t o  the front  glass  window a re  polished and painted with RBl3 compound and carbon 

black. 

could r e su l t  i n  unwanted background i n  the  t rack pictures.  

out of the c rys t a l  housing frm crystals B and D t o  be coupled t o  photomultiplier 

tubes. The anode pulse height from these tubes i s  recorded f o r  each event. 

addition, a l i g h t  pipe i s  a l so  brought out from a side face of c rys ta l  A.  

dynode pulses from th is  counter along with the dynode pulses from counters B and D 

a re  f ed  t o  a three-fold coincidence c i r cu i t  whose output defines an event. 

electronic de t a i l s  a r e  discussed i n  Section 6b. 

the photomultiplier tubes, was fabricated by the  Harshaw Chemical Compary, 

This technique minimizes scattered and ref lected light i n  the crys ta l  which 

Light pipes a re  brought 

In  

The 

The 

The counter/track assembly, l e s s  

It is 0 
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6 packaged i n  a ruggedized aluminum mount f i l l e d  with 10 centistoke s i l icon o i l ,  
I 

Fig. 5 i s  a photograph of t h i s  assembly including t h e  photomultiplier tubes 

The geometrical arrangement, as described above, enables one t o  observe the  

pa r t i c l e  before it enters t he  Cerenkov counter and again as it leaves. Similarly, 

the same pa r t i c l e  i s  observed pr ior  t o  entering and a f t e r  emerging from the  dE/dx 

counter. I n  t h i s  fashion,if the track segnents f a l l  on a s t ra ight  l ine,  it can 

be s ta ted with a high degree of r e l i a b i l i t y  tha t  no loca l  nuclear interact ions have 

occurred i n  the counters themselves. Therefore, the  pulse heights, as measured, should 

represent "good" information and the interact ion background i s  eliminated. A schematic 

representation of an event i s  sham in Fig. 6. Secondly, each event contains direction- 

a l  information i n  the t rack picture. "his f a c t  enables one t o  afford a r e l a t ive ly  

large so l id  angle since the  path length of the  pa r t i c l e  through the c rys t a l  i s  known, 

The pulse height which one measures i n  such a case is a function of the par t ic les '  

path length through the  medium. 

ments w i l l  be possible from the track pictures and r e su l t s  consistent with the pulse 

height information would fur ther  increase the r e l i a b i l i t y  of the experiment. 

block diagram of the en t i r e  system is  presented i n  Fig. 7 and the  electronic d e t a i l s  

are discussed i n  Section 6 ,  

5 .  

It is also expected that ionization density measure- 

A 

The Design and Fabrication of a Film Camera fo r  Balloon Experiments 

There were a number of special considerations tha t  went i n to  the design of the 

f i lm camera (Fig. 8). 

35 mm r o l l  f i lm,  

as l i g h t  as possible. 

of t.k magazine with s ta in less  s t ee l  used f o r  most moving par t s .  

tubes have a f i b e r  opt ic  output and exposures a re  made by having the  f i lm i n  d i rec t  

op t ica l  contact with the f ibe r  bundle, it was  necessary t o  include a mechanism for  

It w a s  decided t o  design t h e  camera t o  carry 1000 f e e t  of 

The en t i r e  magazine was t o  be made of non-magnetic pa r t s  and be 

Aluminum was therefore the log ica l  choice fo r  the main body 

Since the  image 

-13- 
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e releasing the f i lm from the  f ibe r  during each film advance cycle. 

complished by a cam arrangement which r e t r a c t s  a longitudinally spring loaded 

platen pr ior  t o  advancing the  f i l m .  The platen is  mounted i n  such a way tha t ,  

except during the  advance cycle, it insures posit ive seating of the f i lm against 

the  f ibe r  opt ic .  As explained i n  Section 6b, the two photomultiplier tube anode 

pulses are fed i n t o  two 64 channel pulse height analyzers which i n  turn  drive 

separate binary sca le rs .  

then read out in to  a seqyence of s ix  argon lamps. The appropriate lamps are  pulsed 

on f o r  about 30 milliseconds and recorded as dots on the  same fi lm tha t  records the  

t rack  informt ion .  This i s  accomplished by a special  housing on the  rear of the  

platen tha t  accommodates t h e  1 2  argon lamps. 

througJl 12 small holes t o  the front of t he  platen so t h a t  the  exposure i s  actual ly  

made through the  back of the  film. The posit ion of the  pulse height l i gh t  display 

coincides on the f i lm with the position of t he  Cerenkov counter so tha t  there  i s  

no overlap with the  t rack information. 

This was ac- 

The final state of these scalers  f o r  each event i s  

(See Fig. 8.) The l i g h t  i s  piped 

a 

A t  a different  place within the camera, and an in tegra l  number of frames from 

the t rack  and pulse height information, an opt ica l  system projects the image of a 

clock and a frame counter onto the emulsion side of the  f i lm,  Thus a number i s  

assigned t o  each event and the time h i s to ry  i s  a l so  known. 

on the  fi lm i n  t h e  same posit ion as the  dE/dx counter so t h a t  again there i s  no 

overlap of infomation.  

This information appears 

(See Figs. 6 and 8.)  

The time required f o r  the film t o  advance one frame i s  from 0.3 of a second t o  

1 second depending on the  camera motor voltage. 

described l a t e r ,  i nh ib i t s  triggering of t he  en t i r e  system u n t i l  campletion of the  

camera wind cycle. The wind cycle i s  i n i t i a t e d  by an e lec t r i ca l  pulse from the  

coincidence c i r cu i t  and master pulse logic, after which a cam actuated microswitch 

An e lec t r i ca l  interlock, t o  be 

-15- 
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takes over f o r  t he  remainder of the cycle. 

meters a one inch advance of the fi lm per event. 

applied t o  the  camera motor at  the completion of the cycle t o  prevent recycling i n  

case of i n e r t i a l  overshoot. 

A Geneva movement action accurately 

Dynamic e l e c t r i c a l  braking is  

Another microswitch i s  actuated when the  f i lm i s  exhausted and may be used 

t o  signal the release of the balloon and i n i t i a t e  t he  payload recovery sequence. 

The f i lm magazine i s  mated t o  the image tubes and magnet by a dovetail  assembly 

and s l iding shutter so tha t  it can easily be removed from the rest of the system 

without exposing the  film. The ent i re  camera assembly was subcontracted f o r  

fabr icat ion t o  Mardelle Industr ia l  Products of Monrovia, California. 

6a. Electronics Design f o r  Image In tens i f ie r  Tube Gating and Camera Control 

The image in t ens i f i e r  tubes are designed t o  be cut "off" by apply5ng t o  the 

gating gr ids  a negative D.C. b ias  of several hundred vol t s  with respect t o  the 

second stage cathodes. 

r e s i s to r .  

several hundred vol ts  posi t ive with respect t o  the second stage cathodes. Thus, 

ideally,  a square posit ive pulse of about 500 volts must be developed across the 

10 (20) megohm res i s to r  i n  order t o  bring the tubes from a cut-off condition t o  

an operating condition. 

This D. C .  potent ia l  i s  supplied through a 10 (20) meg>Emn 

The appropriate "on" and " in  focus" voltage requires that  the grids be 

There were several parameters that had t o  be determined experimentally i n  

order t o  choose the optimum r i s e  times and pulse lengths. F i r s t ,  it is  important 

t o  gate the first tube on i n  a time short cmpared t o  the  decay time of the  f irst  

stage phosphor. 

chamber. 

noise r a t i o .  

f i e ld  emission, e t c  . 

It is  here that the image i s  stored following an event i n  the 

Second, the pulse length must be chosen so as t o  maximize the signal-to- 

Random noise i s  generated within the tubes from t h e r m a l  electrons, 

This background, t o  first order, varies l inear ly  with t h e .  
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Therefore, the first tube must be kept on f o r  a time suff ic ient  t o  receive most 

of the  t rack information from the first phosphor but not so long that  the nofse 

background begins t o  mask the signal. 

tube a re  t o  prevent fogging of the  film between events and again t o  improve the 

signalrto- noise r a t i o  for  any given event. 

the phosphors preceding the  second stage of the second tube, the r i s e  time of 

th i s  pulse need not be a s  fast but the pulse length must be longer. 

pulse shapes were determined by measuring the phosphor character is t ics  as a function 

of time. This was done using a l i g h t  pulser at the first image tube cathode t o  

simulate the N a I  chamber signal, and a photomultiplier tube at the  second tube output 

phosphor t o  observe the integrated l ight  output pulses. 

ments indicated t h a t  the  pulse applied t o  the gr id  of the  first tube should have a 

r i s e  time af about lmicrosecond and a width of about 100 microseconds. The pulse 

f o r  the  second tube could have a r i s e  time of about 30 microseconds and should have 

a width of about 2 milliseconds. 

univibrators which drive 50 volt  t rans is tors .  The 50 volt  pulses a re  then applied 

t o  pulse transformers with a 1 O : l  step-up r a t i o  t o  obtain the required 500 volt 

pulses. 

electronics i s  shown i n  Figs. 9 and 10. 

0 
The main reasons f o r  a l so  gating the  second 

Because of t he  integrating effect  of 

The optimum 

The r e su l t s  of these measwe- 

a 
The pulse lengths a re  generated by appropriate 

The camplete image in tens i f ie r  tube high voltage supply divider and pulsing 

It should be noted t h a t  two pulse transformers are necessary t o  generate the 

correct pulse shape f o r  the first tube. These were designed and wound i n  our 

laboratory on f e r r i t e  cores. 

secondary of l e s s  than one microsecond and saturates a t  about 10 microseconas. The 

pulse at  the  secondaxy of the  second transformer rises i n  about 5 microseconds and 

saturates  at about 200 microseconds. 

transformers i n  pa ra l l e l  through steering diodes lN547, the r e q d r e d  output pulse 

The first transformer (Tl) produces a r i s e  time at the 

By connecting the secondaries of the  pulse 

a 
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shape is  generated. 

and clipping the secondary pulse height with zener diodes of the  required voltage. 

The 2 millisecond pulse width and 30 microsecond rise t i m e  required fo r  

A f la t  topped pulse i s  obtained by overdriving the pri.maries 

the  second tube is  generated i n  a s i m i l a r  fashion. Here, however, a commerci.al 

power transformer (UTC H-198) i s  used as the pulse transformer. 

The operation of the electronics which control the  camera and image tube 

gating i s  described below. Referring t o  Fig. 11, a negative pulse i s  applied 

t o  the  base of T-16. This t rans is tor  along wi%h T-17 generates a fast ri.sl.ng 

master pulse of 100 microseconds duration. 

of T-17 i s  allowed t o  procede through T-18 only i f  T-19 i s  conducting, 

end of the 100 microsecond interval T-20 and T-21 generate a posit,i.ve pulse 

which is  applied t o  t he  base of T-19 and turns  t h i s  t r ans i s to r  of f .  

off  so  tha t  no signal appears at emitter follower T-35 fo r  a t i . m e  determined 

by C and other c i r cu i t  parameters. 

i s  suff ic ient  t i m e  fo r  the pulse height analysis and the f i l m  advance. 

safety feature i s  provided by routing the 15 vol t  posit ive signal from the  

camera motor t o  point "A" which keeps T-19 turned off for t he  durati.on of t he  

camera wind. 

on Fig. 10, which i n  turn drives the high voltage t rans is tor  T-37 and pulse 

transformers fo r  the first image tube. 

T-22 and T-23 which generate,; t h e  2 millisecond pulse for the  second image 

tube,  Points "E" and "F" drive the  gr ids  of t he  respective image in tens i f ie r  

tubes as shown i n  Fig. 9. Point "B" i s  fed t o  the col lector  of T-41 as shown 

on the  camera control c i rcu i t  diagram, Fig. 12. 

30 mi.llisecond pulse which turns on T-45 and lights argon lamps .A1  and Azo 

These lamps supply the  illumination fo r  the clock and message reg is te r  whose 

image then appears on the f i l m .  

The posi t ive pulse from the collee%or 

A t  ,the 

It i s  kept 

This "dead t i m e "  i s  bu i l t  i n  so tha% there  

A 

The pulse at "C" is fed d i rec t ly  t o  emi.tt;er follower T-36, sham 

The puls? a t  "D" i s  fed t o  univi'brator 

T-41 and T-42 generate a 

A t  the  end of the  30 millisecond interval  
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univibrator T-43 and T-44 applies a pulse t o  T-46 which closes a relay.  

pa i r  of re lay contacts supplies D.C power t o  the camera motor while another 

pa i r  enables a pulse t o  be applied t o  the  message regis ter ,  advancing i t  one 

un i t .  

One 

The time constant of T-43, T-44 i s  chosen t o  be greater than t h a t  time 

required fo r  the  cam operated microswitch, S1, t o  be actuated but l e s s  than the 

camera wind cycle. 

poles of the motor are simultaneously grounded which quickly brings the  motor 

t o  a complete stop. It should be emphasized t h a t  t he  fi lm advance i s  accurately 

controlled by the  Geneva movement action and not by the time during which the  

camera motor armature i s  turning. 

6.b. Electronics Design fo r  Pulse Height Analysis 

When S1 opens and removes power f romthe  camera motor, both 

A s  outlined i n  Section 3 ,  the pulse-height from a Cerenkov radiator  and 

energy loss s c i n t i l l a t o r  i s  recorded fsr each event.. 

i s  nearly ident ical  fo r  both counters, only the Cerenkov channel w i l l  be des- 

cribed. 

function of the pa r t i c l e  velocity from the  Cerenkov threshold velocity (deter-  

mined by the index of refraction) up t o  extreme r e l a t i v i s t i c  ve loc i t ies ,  It 

a l so  varies d i rec t ly  w i t h  t h e  square of the charge. This means t h a t  for t h e  

primary pa r t i c l e s  (E = 2 through 8) and veloci t ies ,  t o  be investigated i n  t h i s  

experiment, the pulse heights t o  be expected w i l l  have a dynamical range of 

about 160 t o  1. In order t o  keep the electronics as simple as possible and 

sti.11 maintain a l i nea r  response i n  the  analyzer over t h i s  range, it was de- 

cided t o  introduce a nonlinear amplification of the pulses t o  compress the 

range before the actual  analysis. 

pulse height fo r  any given event i s  expected t o  be Poissonian, a standard de- 

viat ion of plus or  minus the  square root of the average pulse height must be 

Since the electronics 

The pulse height from the Cerenkov counter i s  a monotonically increasing 

Since the  s t a t i s t i c a l  f luctuation i n  the 
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assigned t o  each event. 

generate an output pulse proportional t o  the square root of the Cerenkov counter 

input pulse. In  t h i s  way the  dynamical range i s  compressed and i n  addi.tion, 

each channel of the  64 channel pulse height analyzer w i l l  present informati.on 

of equal s t a t i s t i c a l  weight. The following description re fers  t o  Fig. 13. 

The square root response is  approximated, after current amplification, by 

four appropriately loaded and biased diodes a t  the  base of T,-4. 

l eve l  i s  mintained a t  t h i s  point by D O C .  feedback amplifier T-33 and T-34. 

The pulse then proceeds through emitter follower T-5 t o  a signal gate. 

gate i s  opened through T-27 by the master pulse from T-35 i n  Fig. 11. The 

gate can be accurately balanced so tha t  no pedestal appears on the output, signal 

which then i s  stretched by T-6. The following c i r cu i t  performs the height t o  

i i m e  ctjiivei*eion resul t ing in  a F ~ J ~ S P  across tunnel diode D-1 a t  the co1lect;or 

of T-10 whose length i s  proportional t o  the  incoming pulse heighto This pulse 

starts a frequency s tabi l ized 100 kilocycle clock, comprised of multivi b ra to r  

T-13 and T-14, which runs fo r  the duration of the input pulse length. Before 

the  clock pulses can proceed t o  the  s i x  binary scaler  stages shown i n  Fig. 14, 

t r ans i s to r  T-15 must be turned on by the scaler gate T-24 and Tc,25. This gate 

i s  a l so  opened by the  master pulse from T-35. The scaler  gate serves a two-fold 

purpose. F i r s t ,  the  pulse length can be accurately s e t  so t h a t  a maximum of 

64 cycles of the clock are counted by the  scalers .  

pulse that might correspond t o  say, channel 65, from being counted fur ther  by 

the scalers  and regis ter ing i n  channel 1. 

pond t o  channel 64 or larger are recorded i n  channel 64. 

vents large pulses from the counters, which could overri.de the signal ga.te i n  

the  absence of a master pulse, from actuating the scalers .  

For t h i s  reason a circuit; was designed which would 

A zero D.C. 

This 

This i s  t o  prevent a large 

Thus a l l  pulses whose heights corres- 

Second, it also pre- 
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The f i n a l  s t a t e  of the  scalers i s  then displayed on the appropriate argon 

lamps f o r  a t i m e  def,ermined by the r e se t  generator "-31 and T 3'2. 

generator i s  also tr iggered through T.730 by %he ma.st,er pulse from T--55. 

output of t he  reset, generator is di f fe ren t ia ted  and the posit,ive pulse a+, %he 

end of t h i s  predetermined ?Arne resets  t he  sca le rs  50 + h e i r  in4,ial s:at,e wi4,h 

a l l  lamps o f f .  

The reset 

The 

The coincidence c i r cu i t ,  whose output tziggers the master pulse generator 

at the base of T-16, i s  sho-dn ir! Fig. 15. 

T-52 a r e  bu i l t  d i r ec t ly  5nto the  bases of %ne respectlive pho+,ornult,iplier tlrbes 

The emitter s ignals  a r e  fed out through shrelded ca-bles as snom.  D--5 i s  %, 

one milliampere +,urnel diode which i s  biased i n  such a way khat; it dGes not, 

change i t s  s t a t e  unless 8 signal  appears simulsaneobsly at all three cs l lez tors  

of i imisers  T-L8, T c 7 g l  sr$ T F!!. TL?P c h n n e l  f,>r rniJnt ,er  A i s  straightforward, 

The channel foy counter B (Cerenkov coun+,er:! includes a s+,ag;i c f  dmplif!ca'icn 

( T  50) since i t  i s  desirable So t r igger  on and invrs+iga+e Fa?t?r,les whose 

ve1ocit;y i s  close to  the  Cerenkov threshold. The t h l r d  zhiumei, which lcoKs 

zt ?,he dynode pulses frcm the NaI (dE/dx) com+,er D, require& fU.!!?8heT +&plana- 

t ion .  Since t h e  primsry proton spec:rum 5s pot +J be inves'iga*,ed i n  t h l s  

experiment, a bias must be establtshed i n  ?he coincidence c i r cu i t  inrhlch pew- 

vent,s tr iggering on singly charged pa r t i c l e s .  

diode D-?  whose b i a s  i s  sei; by proper adjustment of Lhe curyen5 i n  T-53. 

The emi.tt,eP followers T-kT,  T-'1.9 and 

This i s  accomplished by tunnel 

T ~ F .  'tmolrnt of f i l m  t o  be carried during the  experiment is l i m i t , ? d  ',c 1000 

fee t ,  so ?,ha?; khe number cf event,s t ha t  can be recorded i s  also l imited.  From 

a knowkdge of the  expected fluxes of the  p5ma--y nuclei, it i s  clear  5haL 

most o f  the  events so recorded vould be 6( p a r t i c l e s "  In order t o  ob",sin bet,',er 

statistics on the  higher C particles, i r  wits decided Lo incorpor'a+,f? a method of 
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changing the  bias i n  fli.ght, so as t o  prevent; the recording of C(-particles after 

the f i rs t  few hours. 

closes re lay switch S-2 and changes the  bias  on D - 2 .  

This w i l l  be accomplished by an external command which 

The en t i r e  electronic c i rcui t ry ,  f o r  both channels of pulse height ana1ysi.s 

and the  image tube, camera, and argon lamp tr iggering, i s  built, on a total of 

eleven 3-1/8" x 6-3/ktf epoxy circui. t  boards. 

connectors f o r  s ignal  and power distzibution and a l l  boards when mounted and 

plugged i n  occupy an electronic package measuring 3-1/%" 'x 7-l/2" x 10". 

the electronics i.s designed t o  operaiJe from standard voltages o f  +lo, -10, 

+20, and -20 vol t s  t o  be supplied by carbon-zinc ba%te:ries and each board contai.ns 

i t s  own RC f i l t e r  network fo r  each voltage. In  order .to conserve power re- 

gulated volt.ages are supplied only t o  those pa r t s  of t he  circui:t tha-5 require 

well regulated voitsges, Slid separatz ~ G - F ~ T  connect.fons are brought; t o  ea,ch board 

when required f o r  t h i s  purpose. 

'7. Mechanical Design and Fabrication 

Each 'board has a pai.r of plug i n  

All 

The overal l  mechanical design, fabrication, and assembly of the  various 

components of t he  system was carried out i.n OUT laborator ies .  

photograph of the  ccmpleted mechani.ca1 syst,em 

bolted t o  %he dovetail p la te  a t  t he  opposi;t;e end of $he magnet by means of t.he 

four rods as shown. The t rack  forming and counter stack as w e l l  as the l ens  

is mounted on t h i s  assembly. The Ni.kkor f/lol lens  i s  posi.tioned so t h a t  the  

3" x 3" f ront  face of .the c rys ta l  stack i s  demagni.fied by a fac tor  of 3.4 and 

focused on%o the  1-1/2" di.ameter photocathode of the f irs.t i.mage In tens i f ie r  

Lube. 

i.ndependently moved pa ra l l e l  t.o t he  ax is  of .the syskem i n  order t o  achieve the 

Fig. 16 i s  a 

The "f:ront end" assembly i s  

Provisions were made t o  enable both the  lens  and c rys t a l  stack t o  be 

best, op t i ca l  focus a 
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Each of the photomultiplier tubes i s  located within a cyl indrical  ne t ic  

co-netic magnetic shield.  

assembly. 

contact with t h e i r  respective l ight  pipes by means of beryllium-copper wave 

washers mounted under an end cap a t  the  tube bases. 

between the end cap and the  magnetic shield mount. 

The image in tens i f ie r  tubes are kept under constant longitudinal compression 

The shields a re  r ig id ly  bolted t o  the  c rys t a l  stack 

The front  windows of the photomultiplier tubes a re  held in  opt ical  

Compression i s  then applied 

between the  end p la tes  of the magnet by a large co i l  spring mounted inside 

the  magnet. The magnet i t s e l f  i s  made up of two semicylindrical sections. 

These are clamped together by two  c i rcular  bands which are  i n  turn  attached 

t o  the two base supports fo r  the en t i r e  system. 

levered from the dovetail  p l a t e  t o  assure posit ive mating a t  t he  dovetail  

The film magazine is  cant i -  

2 -+ -̂..*e r b a  
1 l l U c L J . a b b .  

8. Final Testing of the Completed Instrument 

Before the  image tubes were received, the other components of the  system 

were thoroughly tes ted and adjusted. 

the camera and the appropriate electronic adjustments w e r e  made t o  obtain the 

optimum exposure t i m e  fo r  both the pulse height lamps and the  lamps associated 

with the  clock and message regis ter  image. 

t o  be operational by triggering the  system from three-fold coincidences in i t i a t ed  

by sea leve l  cosmic rays and obtaining the  pulse height, display on f i l m  i n  

exactly the  same way as would be done i n  practice.  

counting rate was i n  agreement w i t h  the  calculated cosmic ray mu-meson spectrum 

and known sea leve l  flux. 

The pulse height lamps were ins ta l led  i n  

The counter system was determined 

The observed spectrum and 

The f i n a l  assembly of t he  image tube and magnet system was t es ted  i n  the 

It was not pract ical  t o  use the  same chamber designed f o r  the following way. 
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multicharged pa r t i c l e  experiment in  observing t racks due t o  sea l eve l  cosmic 

rays.  The dimensions of the  track formtng segmen%s a r e  such t h a t  only a f e w  

t rack dots per  segment r e su l t  from the passage of a singly charged minimum 

ionizing pa r t i c l e  through the stack. 

rays a re  of course minimum ionizing singly charged mu-mesons. 

charge on parti 'cles t o  be investigated i n  the  course of the  experiment is  

Z = 2 resu l t ing  i n  four t i m e s  as many dots as f o r  Z = 1. Therefore, t c  obtain 

track pictures  and tes t  the operation of t h e  image tubes and gating c i rcu i t ry ,  

an external N a I  chamber was used. 

sealed en t i re ly  i n  glass .  

the  photocathode of the f i r s t  image in t ens i f i e r  tube. External p l a s t i c  scin- 

t i l l a t i o n  counters measuring 2" x 2" were placed above and below the chamber. 

Cosmic. ray two-fold coincidences tr iggered the system and some of the  Sracks 

thus obtained are presented i n  Fign 17. 

Most of t he  high energy sea l eve l  cosmic 

The minimum 

This chamber measured 2" x 2" x 4" and was 

A 2" x 2" end was demgnified 2:l and focussed onto 



Figure 17. Sea Level Mu-Meson Tracks 

-35- 




